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Abstract: Knee osteoarthritis is a common orthopedic disease in the middle-aged and elderly people, with joint pain and dysfunction 

caused by degenerative changes of knee cartilage as the main clinical manifestations, which seriously affects the quality of life of patients. 

Piezo1 protein is a kind of mechanosensitive ion channel protein, whose main function is to sense and transmit mechanical signals on the 

cell membrane. Studies have shown that piezo1 protein mediated mechanical electrical signal transduction mechanism can induce 

chondrocyte apoptosis, which leads to the occurrence and development of knee osteoarthritis. This article will mainly focus on the related 

research of piezo1 protein in knee osteoarthritis in recent years, and provide ideas and basis for the treatment strategy research of knee 

osteoarthritis.  
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1. Introduction 
 

Knee osteoarthritis (KOA), also known as knee degenerative 

osteoarthritis, is the most common chronic, progressive, 

degenerative bone and joint disease in orthopedics. It is 

mainly characterized by articular cartilage degeneration [1]. A 

large number of studies have proved that the expression of 

piezo1, a mechanosensitive ion channel protein, plays a key 

role in the apoptosis of articular chondrocytes. Piezo1 protein, 

as a newly discovered mechanosensitive ion channel protein, 

is mainly involved in the transmission of mechanical signals 

on the cell membrane and plays an important role in human 

biomechanics. Since piezo1 protein was discovered in 2010, 

the academic community has gradually increased and 

deepened its research. Piezo1 protein is stably expressed in 

chondrocytes that constitute articular cartilage, in addition to 

the respiratory system, cardiovascular system, gastrointestinal 

system and urinary system. After being stimulated by 

excessive mechanical stress, articular chondrocytes cause 

their own apoptosis mediated by piezo1 protein, thus 

promoting the occurrence and development of KOA. 

 

2. Structure, Mechanism of Action and 

Distribution of Piezo1 Protein 
 

In 2010, Bertrand Coste team found an ion channel protein 

that needs to be activated by pressure in mouse neuroblastoma 

cell line through experiments. According to its characteristics, 

it was named piezo1, meaning "pressure" [2], and together 

with piezo2, a highly reactive homotetrameric gene cloned 

from dorsal root ganglion cells, it formed the piezo ion 

channel protein family. 

 

2.1 Piezo1 Protein Structure  

 

Human piezo1 protein is a large transmembrane protein 

composed of 2521 amino acids. Its gene is located on 

chromosome 16, encoded by fam38a gene, and its molecular 

weight is about 320kda [3]. The mouse piezo1 gene is highly 

homologous to human. Researchers observed under 

high-resolution cryo electron microscopy that the three mouse 

piezo1 proteins were assembled in a trimeric three bladed 

propeller like functional structure, with a total of 114 

transmembrane regions, consisting of two parts, the central 

pore and the peripheral paddle [4]. The carboxyl terminus of 

the central pore consists of about 350 amino acids, including 

the outer helix, the extracellular C-terminal region, the inner 

helix, and the intracellular C-terminal region. Piezo1 protein 

mechanical signal sensing is mainly closely related to the 

peripheral propeller blades. Each screw blade is divided into 

three parts, namely blade, beam and anchor rod. This special 

structure makes it have flexible and precise lever type 

mechanical functions [5-8]. When piezo1 protein channel is 

activated, its peripheral propeller blade performs sensitive 

long-distance allosteric gate control like a lever device, and 

makes specific responses according to different forms of 

mechanical stimuli [9-14]. 

 

2.2 Piezo1 Protein Mechanism of Action  

 

Piezo1 protein generates an inward current when it senses 

mechanical stress stimulation in physiological state. When the 

cell membrane is depolarized, it transports cations into the cell, 

thus converting mechanical stress into a series of downstream 

cellular signals within 2ms [15]. Piezo1 protein has 

permeability to Na+, K+, Ca2+ and Mg2+, but its permeability to 

Ca2+ is significantly higher than that of other cations [16-17], 

and some studies have shown that [18], piezo1 ion channel 

signal transduction is carried out through Ca2+, in which Ca2+ 

plays the role of the second messenger. Studies have shown 

that more than 25 gene mutations in piezo1 protein can be 

associated with some human diseases. For example, the 

mutant piezo1 protein allows excess calcium ions to pass 

through the cell membrane, resulting in the activation of 

downstream calcium potassium channels, and the subsequent 

efflux of potassium ions causes abnormal changes in 

intracellular osmolarity, which dehydrates red blood cells and 

eventually leads to hemolytic anemia [19-20]. 

 

2.3 Distribution of Piezo1 Protein in Human Body  

 

Piezo1 protein is widely expressed in various organs and 

tissues of human body. Studies have found that [21-22], 

piezo1 is found in the physiological activities of brain, lung, 

cardiovascular system, kidney and bladder. Whasil Lee[23] 
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found in the experiment that piezo1 was strongly positive in 

chondrocytes, and the expression level was higher than that of 

bladder, triglyceride and skin, similar to that of lung. In the 

study of bone tissue cells, piezo1 protein is abundantly 

expressed in bone cell line mlo-y4 [24] and osteoblast cell line 

MC3T3-E1, and the protein molecules are distributed in 

granular form in the cytoplasm of MC3T3-E1 cells [25-26]. 

Therefore, it can be fully suspected that the expression of 

piezo1 ion channel is closely related to the occurrence and 

development of a variety of human diseases, including knee 

osteoarthritis. 

 

3. Research Progress of Piezo1 in KOA 
 

KOA is a degenerative disease with knee pain and 

dysfunction as the main manifestations under the action of a 

variety of factors, which can seriously even lead to paralysis, 

and is characterized by the progressive destruction of articular 

cartilage. Articular cartilage provides protection for the 

relative movement between bones and bears part of the 

mechanical load generated by body activities. Articular 

cartilage is mainly composed of chondrocytes and 

extracellular matrix, and chondrocytes are the only cell unit of 

articular cartilage, which maintain and shape cartilage tissue 

through the dynamic balance of value-added and 

decomposition [27]. The degeneration of knee cartilage is 

often due to the apoptosis of chondrocytes. Howell [28] 

believes that the apoptosis of articular chondrocytes plays a 

decisive role in the occurrence and development of knee 

osteoarthritis. The pH value, osmotic pressure and mechanical 

stress of chondrocytes in the knee joint are important factors 

that affect their apoptosis, among which the mechanical stress 

mainly including compressive stress, tensile stress, shear 

stress and vibration plays a crucial role in the injury 

mechanism of articular chondrocytes [29-30]. Studies have 

found that piezo1 protein is an ion channel protein involved in 

mechanosensation, which has the ability to sense mechanical 

signals and maintain the homeostasis of the cell body. After 

further experiments, it was found that when chondrocytes feel 

mechanical stimuli such as fluid shear stress, the expression of 

apoptosis related genes (such as B cell lymphoma/leukemia-2) 

will be reduced, resulting in the apoptosis of chondrocytes 

derived from arthritis [31-33]. Therefore, it can be considered 

that the apoptosis of chondrocytes caused by piezo1 protein 

plays an important role in the occurrence and development of 

human KOA. 

 

3.1 Mechanism of Piezo1 Protein in Chondrocyte 

Apoptosis  

 

It is known that mitochondrial dysfunction caused by 

excessive influx of extracellular Ca2+ will lead to apoptosis 

[34]. Studies have shown that [35], after piezo1 protein is 

stimulated by excessive physiological load mechanical stress, 

Ca2+ channels will activate and amplify Ca2+ signals through 

the depolarization of chondrocytes, while piezo1 protein 

channels have similar functions to Ca2+ channels, and Ca2+ 

also enters the cell through piezo1 protein channels. After 

excessive Ca2+ enters the cell, Ca2+ will participate in the 

kinase cascade as a key messenger. Therefore, it can be seen 

that the Ca2+ channel and piezo1 protein channel lead to 

excessive Ca2+ influx after stress stimulation, which 

subsequently activates the apoptosis related kinase cascade, 

and finally induces chondrocyte apoptosis. 

 

Endoplasmic reticulum stress is also an important factor in 

apoptosis. Caspase is a general term for a class of cysteine 

proteases involved in apoptosis, which can transmit apoptotic 

information such as abnormal mechanical stress stimuli and 

inflammation to the proteolytic cascade, cleave and activate 

other related proteases, and finally degrade intracellular 

targets leading to apoptosis, especially caspase-12, which is 

closely related to the function of endoplasmic reticulum 

membrane. Therefore, caspase-12 can be used as a marker of 

endoplasmic reticulum stress [36]. Li [37] found through 

experiments that under static mechanical stimulation, KOA 

derived chondrocytes tend to undergo late apoptosis, and the 

expression of piezo1 protein and caspase-12 are significantly 

up-regulated, and the degree of expression is positively 

correlated with the apoptosis rate of chondrocytes. Thus, 

piezo1 protein can activate apoptosis genes through 

caspase-12-dependent pathway and finally induce 

chondrocyte apoptosis. 

 

In conclusion, piezo1 protein can be used as a promoter of 

chondrocyte apoptosis. After being stimulated by external 

overload stress, piezo1 protein channel is activated, causing a 

large amount of Ca2+ influx into the cell, and then starting the 

apoptotic signaling cascade, causing chondrocyte 

mitochondrial dysfunction and endoplasmic reticulum stress, 

and finally leading to chondrocyte apoptosis. 

 

3.2 Inhibiting Piezo1 Protein Expression to Slow Down 

Chondrocyte Apoptosis  

 

It is known that after the abnormal opening of piezo1 protein 

channel, excessive Ca2+ influx will lead to chondrocyte 

apoptosis. In order to slow down chondrocyte apoptosis, it 

may be an effective method to start from the direction of 

inhibiting piezo1 protein expression. At present, it is known 

that there are many methods to inhibit the overexpression of 

piezo1 protein. 

 

Lawrence [38] experiment confirmed that urocortin1 can 

further inactivate phospholipase A2 (PLA2) by increasing the 

amount of cyclic adenosine monophosphate (cAMP), which 

can close the piezo1 protein channel in chondrocytes and 

protect cell apoptosis. Urocortin1 is a polypeptide composed 

of 40 amino acids and belongs to the corticotropin releasing 

factor (CRF) family. It has its presence in multiple tissue 

activities of the human body. For example, it can significantly 

inhibit the differentiation of bone marrow precursor cells into 

osteoclasts and reduce the expression of a variety of osteoclast 

markers [39]. As an important substance regulating substance 

metabolism and maintaining biological functions in cells, 

camp is the second messenger of life information transmission 

[40], and plays an important role in the survival of 

chondrocytes. PLA2 and its metabolites can regulate a variety 

of ion channels. In experiments, it was found that PLA2 and 

its metabolites in chondrocytes play a positive role in the 

opening of piezo1 protein channels. The experimenters 

combined urocortin1 with the cellular CRF-R1 receptor to 

increase the intracellular cAMP content, which then led to the 

inactivation of PLA2, and finally closed the piezo1 protein 

channel to protect chondrocyte apoptosis. 
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It has also been reported that estrogen can effectively alleviate 

the decrease of chondrocyte activity caused by mechanical 

stress stimulation [41]. G protein coupled estrogen receptor 

(GPER) is a kind of estrogen receptor, which has the function 

of specific binding to estrogen and estrogen like substances 

and regulating the expression of estrogen effector genes [42]. 

Sun [43] found that GPER can inhibit the opening of 

rhoa/limk/cofilin pathway and actin polymerization mediated 

by mechanical stress stimulation by promoting the expression 

of yes associated protein (Yap) and arhgap29 and the nuclear 

localization of Yap, and ultimately inhibit the expression of 

piezo1 protein. In the experiment, it was found that the 

number of chondrocyte apoptosis of arthritis derived cartilage 

in GPER group was significantly lower than that in blank 

group. Therefore, we can think that GPER can reduce the 

apoptosis of chondrocytes in koa caused by mechanical stress 

by inhibiting the expression of piezo1 protein. 

 

4. Summary and Outlook 
 

The pathogenesis and development mechanism of KOA is 

complex and diverse, and the destruction of knee joint 

cartilage is its main feature. As one of the most important 

joints in human activities, the injury caused by mechanical 

stress stimulation must play a decisive role. Piezo1 protein 

channel, a member of the mechanosensitive ion channel 

family, will be over opened after the knee cartilage is 

subjected to mechanical stimuli such as compressive stress 

and shear force, which will lead to a large amount of calcium 

ion influx, and finally make chondrocytes apoptosis. 

Therefore, it has great development prospects to control or 

even inhibit piezo1 protein channel opening as a therapeutic 

target to slow down the further deterioration of KOA, which is 

expected to provide new ideas for the basic research and 

clinical treatment of KOA. 

 

References 
 

[1] Bhatia D, Bejarano T, Novo M. "Current interventions in 

the management of knee osteoarthritis" J Pharm 

bioallied sci 2013; 5 (1): 30-38.  

[2] B. Coste, J. Mathur, M. Schmidt et al., "piezo1 and 

piezo2 are essential components of distinct mechanically 

activated cat ion channels," science, Vol. 330, No. 6000, 

pp. 55-60, 2010. 

[3] B. Coste, B. Xiao, J. S. Santos et al., "piezo proteins are 

pore forming subunits of mechanically activated 

channels," nature, Vol. 483, No. 7388, pp. 176-181, 

2012. 

[4] Zhao Q, Zhou h, Chi s, Wang Y, Wang J, Geng J, Wu K, 

Liu W, Zhang T, Dong MQ, Wang J, Li x, Xiao B. 

structure and mechanism of the piezo1 channel Nature 

2018; 554:487-492. 

[5] J. Ge, W. Li, Q. Zhao et al., "architecture of the 

mammalian mechanosensitive piezo1 channel," nature, 

Vol. 527, no.7576, pp. 64-69, 2015. 

[6] Y. Wang and B. Xiao, "the mechanosensitive piezo1 

channel: structural features and molecular bases 

underlying its ion period and mechanotransduction," the 

Journal of Physics Biology, vol.596, No. 6, pp. 969-978, 

2018. 

[7] T. Zhang, S. Chi, F. Jiang, Q. Zhao, and B. Xiao, "a 

protein interaction mechanism for suppressing the 

mechanosensitive piezo channels," nature 

communications, Vol. 8, No. 1, article 1797, 2017. 

[8] B. Martinac and K. Poole, "Mechanically activated ion 

Channels," the International Journal of Biochemistry & 

cell biology, Vol. 97, pp. 104-107, 2018. 

[9] Y. Wang, S. Chi, H. Guo et al., "a lever like transduction 

pathway for long distance chemical- and mechano- 

gating of the mechanosensitive piezo1 channel," nature 

communications, Vol. 9, No. 1, article 1300, 2018. 

[10] Q. Zhao, H. Zhou, X. Li, and B. Xiao, "the 

mechanosensitive piezo1 channel: a three bladed 

propeller like structure and a lever like mechanoging 

mechanism," the FEBS journal, Vol 286, No. 13, pp. 

2461-2470, 2019. 

[11] Q. Zhao, H. Zhou, S. Chi et al., "author correction: 

structure and mechanizing mechanism of the piezo1 

channel," nature, Vol. 563, No. 7730, P. E19, 2018. 

[12] K. Saotome, S. E. Murthy, J. M. Kefauver, t. whitwam, a 

Patapoutian, and A. B. ward, "structure of the mechani 

cally activated ion channel piezo1," nature, Vol. 554, No 

7693, pp. 481-486, 2018. 

[13] Y. C. Lin, Y. R. Guo, A. Miyagi, J. Levring, R. 

MacKinnon, and S. Schering, "force induced conformal 

changes in piezo1," nature, Vol. 573, No. 7773, pp. 

230-234, 2019. 

[14] J. Geng, Q. Zhao, T. Zhang, and B. Xiao, "in touch with 

the mechanosensitive piezo channels: structure, ion 

penetration, and mechanotransduction," current topics in 

membranes, Vol 79, pp. 159-195, 2017. 

[15] Jin Y, Li J, Wang Y, et al. functional role of 

mechanosensitive ion channel piezo1 in human periodic 

ligand cells Angle orthod 2015; 85 (1): 87-94. 

[16] C. D. Cox and P. A. Gottlieb, "amphipathic molecules 

mod ulate piezo1 activity," Biochemical Society 

transactions, Vol 47, No. 6, pp. 1833-1842, 2019. 

[17] P. A. Gottlieb and F. Sachs, "piezo1," channels, Vol. 6, 

No. 4, pp 214-219, 2014. 

[18] D. Douguet, E. Honoré, "mammalian mechanoelectrical 

transduction: structure and function of force- gated ion 

channels," cell, Vol. 179, No. 2, pp. 340-354, 2019. 

[19] T. A. more, R. Dongerdiye, R. Devendra, P. P. Warang, 

and P. S. Kedar, "mechanosensitive piezo1 ion channel 

protein (piezo1 gene): update and extended mutation 

analysis of hereditary xerocytosis in India," annals of 

Hematology, Vol 99, No. 4, pp. 715-727, 2020. 

[20] S. M. Cahalan, V. Lukacs, S. S. Ranade, S. Chien, M. 

bandell, and a. Patapoutian, "piezo1 links mechanical 

forces to red blood cell volume," eLife, Vol. 4, article 

e07370, 2015. 

[21] J. Wu, A. h. Lewis, and J. Grandl, "touch, tension, and 

trans induction - the function and regulation of piezo ion 

channels," trends in Biochemical Sciences, Vol. 42, No. 

1, pp. 57-71, 2017. 

[22] C. Alcaino, G. Farrugia, and A. Beyder, 

"Mechanosensitive piezo channels in the gastrointestinal 

tract," current topics in membranes, Vol. 79, pp. 219-244, 

2017. 

[23] Lee W, Leddy ha, Chen y, et al. synergy between piezo1 

and piezo2 channels confers high strain 

mechanosensitivity to artificial cargo Proc Natl Acad 

SCI u s A. 2014; 111 (47). 

52



 

Journal of Contemporary Medical Practice (JCMP)                    ISSN: 2006-2745Journal of Contemporary Medical Practice (JCMP)                     ISSN: 2006-2745

http://www.bryanhousepub.org

  
  
   

 

                                                                        Volume 5 Issue 6 2023Volume 5 Issue 7 2023    

    
 

               

                  
                 
                

       

[24] Gnanasambandam R, BAE C, Gottlieb PA, et al. ionic 

selectivity and penetration properties of human piezo1 

channels PLoS one 2015; 10 (5): e125503. 

[25] Yoneda M, Suzuki H, Hatano N, et al. piezo1 and 

TRPV4, which are distinct mechano sensors in the 

osteoplastic MC3T3-E1 cells, modify cell proliferation 

Int j mol sci 2019; 20 (19): 4960. published 2019 OCT 8. 

[26] Kang Ting. Study on the expression and function of 

piezo, a mechanosensitive ion channel, in orthodontic 

periodontal tissue [D]. Xi'an: the Fourth Military 

Medical University, 2014. 

[27] Lee W, Leddy HA, Chen Y, Lee SH, Zelenski Na, 

McNulty Al, Wu J, Beicker Kn, Coles J, Zauscher S, et 

al: synergy between piezo1 and piezo2 channels confers 

high strain mechanosensitivity to artificial cargo Proc 

Natl Acad SCI USA 111: e5114-e5122, 2014. 

[28] Howell DS. etiopathogenesis of osteoarthritis.in: 

Moskowitz RW, Howell DS, Goldberg VM, et al. (EDS). 

Osteoarthritis: Diagnosis and management. Philadelphia, 

PA: Saunders, 1984, pp.129-146. 

[29] Jin M, Frank EH, Quinn TM, et al. Tissue shear 

deformation stimuli proteoglycan and protein 

biosynthesis in bovine cargo explants Arch bio Chem 

Biophys 2001, 395:41-48. 

[30] Liu J, Sekiya I, Asai K, et al. Biological response of 

cultured artificial Chon drocytes to mechanical vibration 

Res exp MED (Berl) 2001, 200:183-193. 

[31] Lee MS, Trindade MC, Ikenoue T, schurman DJ, 

Goodman SB and Smith RL: effects of shear stress on 

nitric oxide and matrix protein gene expression in human 

osteoarthritic chondrocytes in vitro J Orthop res 20: 

556-561, 2002. 

[32] Martin JA and buckwalter JA. Post traumatic 

osteoporosis: the role of stress induced chondrocyte 

damage Biophysiology, 43:517-521, 2006. 

[33] Rennier K and Ji Jy: effect of shear stress and substrate 

on endo thelial DAPK expression, caspase activity, and 

apoptosis BMC res notes 6: 10, 2013. 

[34] Xiao Fei Li, et al. the piezo1 protein ion channel 

functions in human nucleus pulposus cell apoptosis by 

regulating mitochondrial dysfunction and the 

endogenous reticulum stress signal pathway[J] 

Experimental cell research, 2017, 358 (2): 377-389.  

[35] Lee W, Guilak F, Liedtke W. Role of piezo channels in 

joint health and injury Curr top membr 2017; 

79:263-273.  

[36] Rennier K and Ji Jy: effect of shear stress and substrate 

on endo thelial DAPK expression, caspase activity, and 

apoptosis BMC res notes 6: 10, 2013. 

[37] Li XF, Zhang Z, Chen ZK, Cui ZW, Zhang HN. 

[retracted] piezo1 protein induces the apoptosis of 

human osteoarthritis derived chondrocytes by activating 

caspase12, the signaling marker of Er stress Int j mol 

med. 2018 Dec; 42 (6): 3640. 

[38] Lawrence KM, Jones RC, Jackson TR, et al. 

chondroprotection by urocortin involves blockade of the 

mechanosensitive ion channel piezo1 SCI Rep. 2017; 7 

(1): 5147. published 2017 Jul 11. 

[39] combs, C. E. et al. Urocortin is a novel regulator of 

osteoclast differentiation and function through inhibition 

of a canonical transient receptor potential 1-like cation 

channel J Endocrinol 212, 187-197 (2012). 

[40] Rall TW, Sutherland EW, Wosilait WD. The 

relationship of epinephrine and glucose to liver 

phosphorylase 3. Reaction of liver phosphorylase in 

slices and in extracts J Biol chem 1956; 218 (1): 

483-495. 

[41] Imgenberg J, Rolauffs B, Grodzinsky AJ, Schunke M, 

Kurz B. estrogens reduces mechanical injury related cell 

death and proteoglycan degradation in natural artificial 

cargo independent of the presence of the superfcial zone 

tissue. Osteoarthritis cargo 2013; 21:1738-45. 

[42] Ariazi EA, Brailoiu E, Yerrum S, et al. The G protein 

coupled receptor GPR30 inhibitors promotion of estogen 

receptor positive breast cancer cells Cancer res. 2010; 70 

(3): 1184-1194. 

[43] Sun Yi, Leng Ping, Guo Pengcheng et al. G protein 

coupled estrogen receptor attendates mechanical stress 

mediated apoptosis of chondrocyte in osteoarthritis via 

repression of piezo1.Mol Med, 2021, 27:96.  

 
 

53


